A model of the circulation of the working fluid in a liquid droplet radiator has been developed. The model is based on Bernoulli's law and the loss of the hydraulic head. The behavior of the circulation of the working fluid calculated from the model is compared with that obtained from experiments in the case that the flow rate of the circulating working fluid is changed. In radiators, the flow rate of the circulating working fluid is changed in order to match the change of the waste heat generated in large-space structures. The flow rates of the circulating working fluid calculated from the model correspond to those obtained from the experiments well. The circulation mechanism of the working fluid in the liquid droplet radiator has been clarified. The model developed in the present work will allow us to control the flow rate of the working fluid in the liquid droplet radiator automatically.
INTRODUCTION
Disposing large quantities of waste heat is one of the technical issues that must be considered in order to realize large-space structures (LSSs) that handle high power (from megawatt to gigawatt order) such as space solar power satellites (SPSs). 1, 2 The liquid droplet radiator (LDR) is an important candidate for resolving this issue. Its lightweight structure, high resistance to meteorite impacts, small storage volume requirement at launch and easy deployment in space make it a very attractive heat removal system for the LSSs.
The operation of an LDR is schematically shown in The surface radiating waste heat is the surface of droplets in LDRs. Because LDRs do not require solid bodies to protect the radiating surface from punctures by small particles such as debris or small meteorites, they are lightweight, stored in a small volume at launch and easily deployed in orbit. 4 Taussig and Mattick 4 reported that LDRs can be as much as 5 to 10 times lighter than advanced heat pipe radiators. Massardo et al. 5 reported that the specific mass of a solar power dynamic system with an LDR is 27% less than that with a conventional and ⑥ are set between ② and ⑤. In the case that the flow rate at ④ is greater than that at ⑥, the volume of the working fluid corresponding to the difference of the flow rates is supplied from ② and stored in ⑤. In the case that the flow rate at ⑥ is greater than that at ④, the working fluid is supplied from ⑤ and is pooled in ②. Figure 4 shows a schematic diagram of the droplet generator. The working fluid, which is pressurized by a bellows-type pressure regulator, is subjected to a pressure disturbance using a piezoelectric vibrator in the droplet generator and then is emitted in the vacuum chamber ⑭ through a single nozzle, as shown in Fig. 4 . The pressure disturbance produces radial variation on the surface of the cylindrical jet-shaped working fluid. The amplitude of this radial variation increases under certain conditions. [12] [13] [14] This increase in radial variation causes the working fluid to break up from a jet into tiny droplets. The transformation from a jet to droplets is schematically illustrated in Fig. 4 .
Droplet generator
The velocity u 1 of the working fluid at the exit of the droplet generator is obtained using
where Q is the circulation rate of the working fluid in LDR.
Details of the nozzle in the droplet generator are shown in Fig. 5 . Considering the friction loss in 
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The pressure loss in the entrance length of the nozzle
where L e is the entrance length of the nozzle, which is given by 16 
, a is the coefficient of the entrance length (=0.065), and i ζ is the coefficient of pressure loss in the entrance length (= 2.7). 16 The pressure loss at the inlet of the nozzle H gi is given as
where i ζ is the coefficient of loss at the inlet (= 0.25). 15 
Droplet collector
The centrifugal collector shown in Fig. 6 has been 
( ) The flow rate that the SK1-213 gear pump discharges is given as
where U th is the theoretical discharge rate per rotation of the gears (=1 ml/rev.) and N is the revolution of the gears per minute. As shown in By transforming Eq. (9), the hydraulic head generated at the gear pump ③ is obtained using
where g denotes the gravitational acceleration (=9.81 m/s 2 ) and ρ is the density of the working fluid. 
where k is the spring contact of the bellows (= 3.12 N/mm) and A b is the area of the bottom lid of the bellows (=1.86×10 -2 m 2 ). z is the length of the bellows and z n is the natural length of the bellows. z is calculated from the difference between the flow rate of inflow to the bellows Q 4 and the flow rate of outflow from the bellows Q 6 using
where z 0 denotes the length of the bellows t ∆ seconds ago. Two flowmeters are set between ② and ⑤, and between ⑤ and ②, as shown in Fig. 3 . OVAL M-III LSF41C0-M2 (OVAL corporation), which is a displacement meter, is adopted in the flowmeters.
A YS02C strainer, with a net mesh gap of 77 µm, is set upstream of the flow meter to remove particles such as dust.
Piping
The hydraulic head lost from the exit of ⑤ to the exit of the droplet generator ① 
where ϑ is the angle of the bend (= 90°). The coefficient of loss at the bend is given as 18
412
. 
where L 2-5 is the length of the piping from ② to ⑤ 
where u 5 and P 5 are the velocity and pressure at the entrance of ⑤ . (1) 599 0.683 720 271
(2) 633 0.683 720 265 Table 1 Changes in parameters 
